We study the effect of the addition of a crosslinking agent (N,N'-methylenbisacrylamide) in a photopolymerizable matrix for real time holography. The optimization of the concentration of this component has been realized attending to the holographic parameters like energetic sensitivity and diffraction efficiency. Diffraction efficiencies near to 80 % have been obtained with energetic exposures of 12 mJ/cm2.
1.INTRODUCTION
The photopolymerization -based processes1 have been used in a lot of fields like the fabrication of integrated circuits, microlitography, optical data storage and holography. The mechanism of recording holograms in these materials implies photopolymerization processes in the illuminated zones that it gives variations of refraction index or volume. The advantage of these systems is that it can be treated as pure volume holograms with high diffraction efficiency and it can be monitorized at real-time. A typical photopolymeric recording material system is composed by a polymeric matrix that it supports monomers and the photoinitiator system. In our case the material is composed by polyvinyalcohol as binder monomers as acrylamide (AA) and N,N'-methylenbisacrylamide (BMA), an electron-donor triethanolamine (TEA) and methylene blue (BM) as dye. Acrylamide have been used in holography widely.24 An improvement was achieved when N,N'-methylenbisacrylamide was added to speed up the polymerization reaction.57 In this case index modulation is produced when a molecular space lattice of acrylamide chains is formed, and BMA builds crosslinks to form a copolymer which is transparent. In this work we present the characteristics and the optimal concentration of this compound that gives a holographic recording material with sensitivities of 12 mJ/cm2 and diffraction efficiencies of 80 % with a spatial frequency of 1000 lines/mm. 
EXPERIMENTAL
Real-time measurements of the transmission hologram recorded were carried out on the system described in Figure 1 . The holographic gratings are created with a He-Ne laser tuned at a wavelength of 633 nm. The power intensity carried by each beam was 2 mW/cm2 and the relation of intensities between them was 1 : 1 . The object and the reference were recombined at the sample at an angle of 20 °from the normal with an appropriate set of mirrors and the spatial frequency obtained is 1,000 lines/mm. The diffracted intensity was monitored with a He-Cd laser positioned at the Bragg's angle tuned at 441 nm where the material does not absorb. In order to obtain the intensity of this beam (incident) at each time, a photodiode detector (D2 in figure 1 ) positioned in the reflection direction of a glass situated in the trajectory of this beam. The incident intensity was the result of the product of the intensity measured and the previously calibrated one with a second photodiode detector (Dl) in the transmission beam. The diffracted beam was detected with a second photodiode detector both detectors being connected to a personal computer and the diffraction efficiency was calculated as the ratio of the diffracted and incident intensities. All the components of the material were of the highest grade available and used without any further purification provided by SIGMA. The photosensitive aqueous solution was prepared when over 50 ml of polyvinylalcohol (provided by Riedelde-Häen and Mw 25000) of 10 % by weight, 2.5 ml of methylene blue of 6.25 mM and 8 ml of a solution the necessary 
RESULTS AND DISCUSSION
When concentration of the monomeric species is raised the rate of polymerization increase. In a previous work9 we showed that in a material where the unique monomeric compound is acrylamide, the increase of the concentration produces high sensitivities. This effect is shown when we use two monomers. In Figure 2 we present the diffraction efficiency as a function of exposure for different concentrations of the crosslinking agent (bisacrylamide). The drawback of this composition is that the concentration of both monomers can not be increased indefinitely due to their solubility in the PVA matrix.
The effect of the concentration is clearly explained if we use the Kogelnik' s theory10. We have used the expression 1 like index modulation as a function of time, where n is the final modulation index obtained and a is a parameter related with the rate of copolymerization and intensity.
n1 =n01(1-e) In previous papers we study the optimal composition of the system composed uniquely by acrylamide as monomer, in this case the energetic sensitivity is of 45 mJ/cm2. When bisacrylamide is introduced a great improvement in the sensitivity is produced as we show in figure 2. The effect of the concentration of the crosslinking agent has been studied. Optimal concentration that gives diffraction efficiencies of 80 % with an energetic exposures of 12 mJ/cm2 can be obtained when the hologram is recorded with an intensity of 4 mW/cm2 and a resolution of 1000 lines/mm. By using a theoretical model we have showed that the increase in sensitivity is due to the increase of the final modulation index
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